INTRODUCTION {#s1}
============

Digesta mean retention time (MRT) is an important factor on digestive efficiency ([@CIT0040]) because it is related to digestibility of plant cell wall ([@CIT0004]), rate and extent of protein digestion ([@CIT0041]), amount of protein which escapes from degradation in the reticulorumen ([@CIT0018]), efficiency of microbial growth ([@CIT0026]; [@CIT0016]), and extent of methane losses ([@CIT0040]). In this sense, MRT has an important role in compartmental models of feeding systems to predict the ruminal digestibility of carbohydrate and protein fractions ([@CIT0009]; [@CIT0018]).

Studies carried out in the past reported relationship between BW and MRT in herbivores ([@CIT0013]; [@CIT0043]; [@CIT0020]). These studies justified this relationship because the gastrointestinal tract (GIT) capacity in herbivores increases in the same proportion of BW (BW^1.0^) ([@CIT0014]; [@CIT0030]), whereas the energy requirements/feed intake increases in the range of BW^0.75^ ([@CIT0032]; [@CIT0008]; [@CIT0007]). However, currently, the relationship between BW and MRT is considered a controversial subject. Previous studies with several species of herbivores did not find a significant relationship between MRT and BW for browsing and grazing ruminants ([@CIT0011]; [@CIT0049]). On the other hand, recent studies also studying several species of herbivores, reported that the relationship between MRT and BW was confirmed for ruminants ([@CIT0038]; [@CIT0053]). Importantly, few studies in the literature have evaluated this relationship accounting for possible sex effects on MRT in ruminants.

Sex and BW are accounted into the species-specific physiological responses of MRT because they are related to ingested feed, feed intake, GIT capacity, and feed digestibility ([@CIT0025]). Feed intake and ingested feed are considered the driving force of MRT, and both are dependent on energy requirements ([@CIT0011]; [@CIT0036]; [@CIT0047]; [@CIT0038]). In addition, recent meta-analytical studies with growing Saanen goats have shown sex and BW effects on net energy requirements for maintenance and growth ([@CIT0047]; [@CIT0048]). Therefore, considering a possible BW and sex effect on MRT, and the lack of studies with Saanen goats, the aim of this study was to evaluate the effects of BW and sex on MRT of particles and solutes in Saanen goats throughout the growing phase.

MATERIALS AND METHODS {#s2}
=====================

Dataset {#s3}
-------

A dataset including 103 individual records of castrated males (*n* = 36), females (*n* = 34), and intact males (*n* = 33) Saanen goats from 15 to 45 kg BW was analyzed. This dataset was combined from two studies in which goats were slaughtered at 15, 22, and 30 kg BW ([@CIT0034], [@CIT0035]) and at 30, 37, and 45 kg BW ([@CIT0046]). Males were castrated when they were around 1 and 5 months old for [@CIT0034], [@CIT0035], and [@CIT0046] studies, respectively. Goats were weaned when they were around 2 months old and 12 kg BW, for all studies ([@CIT0046]; [@CIT0034], [@CIT0035]). And the experiments started when goats were 3.2 ± 0.67 and 10.2 ± 1.76 months old for [@CIT0034], [@CIT0035], and [@CIT0046] studies, respectively. All procedures used across studies were reviewed by the University's Animal Care Committee (Comissão de Ética e Bem-Estar Animal, CEBEA; Universidade Estadual Paulista, Jaboticabal, Brazil).

Experimental Procedures and Calculations {#s4}
----------------------------------------

All goats were housed in individual 0.5 m^2^ pens with free access to water. Goats were fed with similar diets ad libitum for all experiments ([Table 1](#T1){ref-type="table"}) and the diets were formulated to meet the daily requirements of goat kids. The whole diet was milled to pass a 10-mm screen ([Figure 1](#F1){ref-type="fig"}). The daily feed intake was calculated by subtracting orts from the offered diet during the whole experiments (139 d), but only the feed intake in the last 5 d before slaughter was used to calculate the MRT and, therefore, only these data are presented. During the same experimental period (i.e., last 5 days) Cr-EDTA was administrated to determine the MRT of solutes. In the offered diet and orts, the dry matter (DM), organic matter (OM), neutral detergent fiber (NDF), and indigestible NDF (iNDF) concentration were determined, and posteriorly intake of DM (DMI), OM (OMI), NDF (NDFI), iNDF (iNDFI), potentially degradable NDF (pdNDFI) were calculated. In addition, we calculated the feeding level as multiples of metabolizable energy (ME) requirements for maintenance intake (L), using ME requirements for maintenance of growing Saanen goats ([@CIT0048]). The ME in the diet was estimated when goats were around 22 and 37 kg BW for study ([@CIT0034], [@CIT0035]) and ([@CIT0046]), respectively. The ME concentration in the diet (kcal/kg of DM) was estimated from gross energy intake, total energy losses from feces, urine, and gaseous products of digestion. Fecal and urinary excretions were obtained from their total collection ([@CIT0048]). Energy loss from gaseous products of digestion was predicted according to [@CIT0052] equation, as described by [@CIT0048]. The feed intake was expressed as g and % of BW.

###### 

Ingredients and chemical composition of the experimental diets

  Item                                              [@CIT0034], [@CIT0035])   [@CIT0046]
  ------------------------------------------------- ------------------------- ------------
  Dietary ingredient, % DM                                                    
   Dehydrated corn plant^*a*^                       45.40                     44.70
   Cracked corn grain                               26.60                     30.50
   Soybean meal                                     22.30                     15.10
   Soybean oil                                      1.60                      2.50
   Limestone                                        1.00                      1.30
   Mineral supplement^*b*^                          2.20                      6.00
   Ammonium chloride                                0.90                      0.00
  Diet chemical composition^*c*^, g/kg of DM ± SD                             
   DM                                               854 ± 10.9                865 ± 3.13
   OM                                               935 ± 2.00                902 ± 3.27
   CP                                               204 ± 5.40                154 ± 6.57
   Crude fat                                        80 ± 4.90                 51 ± 0.79
   NDF                                              355 ± 25.00               313 ± 7.54
   iNDF^*d*^                                        108 ± 10.50               113 ± 8.97
   Lignin                                           57 ± 3.40                 n.a.

^*a*^Dehydrated corn plant was made from whole corn plants harvested and chopped when the kernel milk line was approximately two-thirds of the distance down the kernel, air-dried for approximately 72 h or to a DM content of approximately 90%, and milled to pass a 10-mm screen (Mexon charger 15.0 hay mill; G3 Mexon Maquinas Agricolas, Cajuru, Sao Paulo, Brazil).

^*b*^Composition, per kg, as-fed basis: 190 g of Ca; 92 g of Cl; 73 g of P; 62 g of Na; 44 g of Mg; 1.35 g of Zn; 1.06 g of Fe; 0.94 mg of Mn; 0.73 g of F; 0.34 g of Cu; 18 mg of Se; 16 mg of I; 3 mg of Co.

^*c*^Mean and standard deviation of 10 composite samples. The chemical composition of the diet was calculated from the individual ingredients.

^*d*^ *iNDF *= Indigestible NDF.

![Particle size of diet offered to the goats during the studies ([@CIT0034], [@CIT0035]; [@CIT0046]).](txaa028f0001){#F1}

Goats were slaughtered as they reached approximately 15, 22, 30, 37, and 45 kg BW. Castrated males goats were 82 ± 12, 195 ± 52, 220 ± 80, 253 ± 31, and 291 ± 77 days old at slaughter weight 15, 22, 30, 37, and 45 kg BW, respectively, females goats were 116 ± 12, 178 ± 24, 263 ± 75, 361 ± 21, and 503 ± 54 days old at slaughter weight 15, 22, 30, 37, and 45 kg BW, respectively, and intact males were 92 ± 20, 214 ± 44, 237 ± 75, 249 ± 25, and 280 ± 72 days old at slaughter weight 15, 22, 30, 37, and 45 kg BW, respectively.

After goats were slaughtered (2.2 ± 0.8 h after morning feeding), GIT was removed and separated into reticulorumen, omasum, abomasum, small intestine, cecum, and colon--rectum (colon and rectum free of fat and mesenteries). The segments were weighed before and after emptying to determine the mass of wet digesta and the wet weight of each segment tissues.

For all studies, the reticulorumen digesta was separated into solid and liquid fractions by straining the contents through four layers of cheesecloth. These fractions were weighed and sampled according to the proportions determined to obtain a representative sample. The digesta from omasum, abomasum, small intestine, and cecum were individually placed into trays and mixed/homogenized before sampling. Colon and rectum digesta were collected separately and placed into trays. The rectum digesta was minimally and manually broken up and then mixed with colon digesta until we got a very homogeneous colon--rectum paste, then samples were taken.

In the digesta of each segment, the DM, OM, NDF, iNDF, and Cr concentrations were determined. We considered the wet weight of the total GIT tissues as the sum of the wet weight of individual tissues of GIT segments, and total GIT pool size (wet digesta and DM) as the sum of individual pool size of GIT segments. We expressed the wet pool size and the wet weight of tissues grams.

The MRT was determined as the inverse of the digesta passage rate (k~p~) (i.e., MRT = 1/k~p~). The k~p~ was assessed by using the method of emptying GIT compartments in slaughtered animals and using iNDF and Cr-EDTA as markers for particles grams (MRTiNDF) and solutes MRTCr, respectively. The details about preparation, administration, and analysis of both markers were previously published ([@CIT0034], [@CIT0035]). The k~p~ of particles and solutes in different segments of the GIT were determined by the flux/compartmental pool method using the Eq. (1) ([@CIT0015]):

kp of indigestible entity (IE) = intake rate of IE/ compartmental mass of IE,
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where k~p~ is the fractional rate of IE escape per hour, intake rate of IE is expressed in grams per hour, and compartmental mass in the segment is expressed in grams.

The total MRT in the GIT was calculated by the sum of MRT in the reticulorumen, omasum, abomasum, small intestine, cecum, and colon--rectum. Moreover, the reticulorumen selectivity factors of particles and solutes (particles:solutes), that indicate digesta washing was calculated as the quotient between MRT estimated by iNDF and Cr-EDTA ([@CIT0033]; [@CIT0037]).

Statistical Analyses {#s5}
--------------------

The data was analyzed using PROC MIXED of SAS (v 9.4, SAS Inst. Inc., Cary, NC) by the model (Eq. \[2\])
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where Y~ijkl~ is the dependent variable, μ is the overall mean, S~i~ is the fixed effect of sex i, W~j~ is the fixed effect of BW j, S~i~ × W~j~ is the interaction between sex i and BW j, T~k~ \~ iidN (0, σ ~T~^2^) is the random effect of study k, and e~ijkl~ \~ iidN (0, σ ~e~^2^) is the random residual error. Moreover, residual variances were modeled using distinct grouping (i.e., no grouping, study, sex, BW, or interaction between sex and BW) using the REPEATED/GROUP function of PROC MIXED. The best grouping for each variable was chosen using the lowest Akaike information criterion ([@CIT0003]), corrected for small samples (AICc) ([@CIT0050]). Residuals were plotted against the predicted means to check the model assumptions regarding homoscedasticity, independence, and normality of the errors. Outliers were removed when their Studentized residuals were \>\|3\|. For cecum wet tissues, abomasum wet digesta, iNDF:NDF ratio of cecum content, MRT of particles in cecum, and MRT of solutes in abomasum, 1 data point each was removed. For small intestine wet tissues, iNDF:NDF ratio of colon--rectum content, and MRT of solutes in reticulorumen, omasum, and cecum, 2 data points each were removed. For iNDF:NDF of ingested diet and abomasum wet tissues, 3 data points each were removed.

Orthogonal polynomial contrasts were used to determine linear and quadratic effects of BW when it was significant (*P* ≤ 0.05) using the CONTRAST statement of PROC MIXED of SAS (v 9.4, SAS Inst. Inc., Cary, NC). The effects of sex and sex within BW were compared by Tukey's test. When the interaction between sex and BW was significant (*P* ≤ 0.05), polynomial regressions were used to determine linear or quadratic effects of BW within sex using the PROC MIXED of SAS (v 9.4, SAS Inst. Inc., Cary, NC), by the model (Eq. \[3\]) as follow:
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where Y~ijkl~ is the dependent variable, μ is the overall mean, S~i~ is the fixed effect of sex i, W^1^(S~c~) + \... + W^j^(S~c~) are the fixed effects of BW raised by the exponent j (1--4) within castrated males, W^1^(S~f~) + \... + W^j^(S~f~) are the fixed effects of BW raised by the exponent j (1--4) within females, W^1^(S~m~) + \... + W^j^(S~m~) is the fixed effect of BW raised by the exponent j (1--4) within intact males, T~k~ \~ iidN (0, σ ~T~^2^) is the random effect of study k, and e~ijkl~ \~ iidN (0, σ ~e~^2^) is the random residual error with a variance σ ~e~^2^. Statistical significance was set at *P* ≤ 0.05.

RESULTS {#s6}
=======

Castrated males had greater DM intake, relative DM intake, and L than females (915 vs. 809 g, 3.19 vs. 2.91% BW, and 3.24 vs. 2.93, respectively; *P* ≤ 0.05), and both were similar to intact males (912 g, 3.11% BW, and 3.18, respectively; *P* ≥ 0.07; [Table 2](#T2){ref-type="table"}). Moreover, DM intake ([Figure 2](#F2){ref-type="fig"}) increased at a decreasing rate as BW increased (*P* \< 0.01; [Table 2](#T2){ref-type="table"}). The relative DM intake decreased linearly as BW increased (*P* \< 0.01) and L decreased at an increasing rate as BW increased, with the lowest means observed at 45 kg BW (*P* ≤ 0.03; [Table 2](#T2){ref-type="table"}). There was a significant interaction between sex and BW (*P* \< 0.01) in NDF content and iNDF:NDF ratio of the ingested diet ([Table 2](#T2){ref-type="table"}; [Figure 2](#F2){ref-type="fig"}).

###### 

BW, feed intake, and total NDF digestibility of castrated males (C), females (F), and intact males (I) Saanen goats slaughtered at five different BW

                               BW (kg) and sex           *P*-value^*a*^                                                                                                                             
  ---------------------------- ----------------- ------- ---------------- ------ ------ ------ ------ ------ ------ ------- ------ ------- ------- ------- ------- ------- ------ -------- -------- --------
  BW, kg                       15.7              16.2    15.8             22.2   21.5   23.4   30.4   29.3   31.7   39.0    38.7   38.4    45.2    44.4    44.9    1.020   0.11   \<0.01   0.68     0.06
  DM intake^*d*^, g            613               552     601              780    792    813    945    893    941    1,148   949    1,120   1,090   862     1,085   91.40   0.03   \<0.01   \<0.01   0.79
  Relative DM intake, % BW     3.85              3.4     3.7              3.4    3.6    3.4    3.1    3.0    2.9    3.1     2.6    3.0     2.5     2.0     2.5     0.3     0.05   \<0.01   0.38     0.66
  NDF, % DM intake             29.4b             36.9a   29.5b            36.2   34.6   34.4   33.6   34.7   36.2   29.9    29.8   31.2    30.7    29.8    31.4    3.58    --     --       --       \<001
                                                                                                                                                                           C      0.46     \<0.01   --
                                                                                                                                                                           F      \<0.01   0.99     --
                                                                                                                                                                           I      0.91     \<0.01   --
  Intake iNDF^*e*^:NDF ratio   0.34              0.26    0.33             0.28   0.33   0.28   0.34   0.35   0.34   0.44    0.47   0.44    0.43a   0.46a   0.33b   0.059   --     --       --       \<0.01
                                                                                                                                                                           C      \<0.01   0.01     --
                                                                                                                                                                           F      \<0.01   0.77     --
                                                                                                                                                                           I      0.01     0.02     --
  L^*f*^                       3.4               2.97    3.32             3.32   3.47   3.31   3.23   3.06   3.12   3.36    2.86   3.32    2.88    2.3     2.86    0.28    0.05   0.06     0.03     0.73

a, b: Means in the same row with different superscripts are different according to Tukey's test within of BW (*P ≤ *0.05).

^*a*^Main effects and interaction sex × BW (Sex × BW). BW~L~ = linear effect of BW; BW~Q~ = quadratic effect of BW.

^*b*^Castrated males had greater DM intake, relative DM intake, and L than females (915 vs. 809 g, 3.19% vs. 2.91% BW, and 3.24 vs. 2.93, respectively; *P* ≤ 0.05), and both were similar to intact males (912 g, 3.11% BW, and 3.18, respectively; *P ≥ *0.07).

^*c*^When the interaction between sex and BW was significant, the effect of BW was evaluated within each sex.

^*d*^Intake = ingested diet (offered diet---orts).

^*e*^iNDF = Indigestible NDF.

^*f*^L = feeding level as multiples of ME requirements for maintenance intake.

![Castrated males had greater DM intake than females (915 vs. 809 g; *P* = 0.05), and both were similar to intact males (912 g; *P* ≥ 0.07). BW quadratically affect DM intake (*P* \< 0.01). Means in the same body weight with different letters (a and b) are different according to Tukeys' test (*P* ≤ 0.05). Body weight linearly affected NDF content and the ratio between indigestible NDF (iNDF) and NDF (iNDF:NDF ratio) of the ingested diet of females (*P* ≤ 0.01). Body weight quadratically affect NDF content of ingested diet of males and iNDF:NDF ratio of the ingested diet of males (*P* ≤ 0.02). The symbol ○ and dashed line represents castrated males, \* and dotted line represents females, □ and solid line represents intact males.](txaa028f0002){#F2}

Sex did not affect wet tissues, wet pool size, DM and NDF contents of reticulorumen and omasum, and the ratio between DM intake and reticulorumen wet pool size (DM intake:RR wet pool size ratio; *P* ≥ 0.07; [Table 3](#T3){ref-type="table"}; [Figure 3](#F3){ref-type="fig"}). The ratio between DM intake and reticulorumen wet tissues (DM intake:RR wet tissues ratio) was greater for males than females (*P* ≤ 0.04), and it was similar between males (*P* = 0.95; [Figure 3](#F3){ref-type="fig"}). Reticulorumen and omasum wet tissues and wet pool size increased at a decreasing rate as BW increased (*P* \< 0.01; [Table 3](#T3){ref-type="table"}). Reticulorumen DM content increased at an increasing rate as BW increased (*P* = 0.01; [Table 3](#T3){ref-type="table"}). The DM intake:RR wet tissues ratio linearly decreased as BW increased (*P* ≤ 0.05; [Figure 3](#F3){ref-type="fig"}). BW did not affect reticulorumen and omasum NDF contents, omasum DM content, and the DM intake:RR wet pool size ratio (*P* ≥ 0.11; [Table 3](#T3){ref-type="table"}; [Figure 3](#F3){ref-type="fig"}).

###### 

Wet tissues, pool size (wet digesta and composition), and digesta mean retention time (MRT) of indigestible NDF (iNDF) (MRT~iNDF~) and MRT of Cr (MRT~Cr~) of forestomaches segments of castrated males (C), females (F), and intact males (I) Saanen goats slaughtered at five different BW

                         BW (kg) and sex             *P*-value^*a*^                                                                                                                                                               
  ---------------------- ----------------- --------- ---------------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- -------- -------- -------- -------- --------
  Reticulorumen                                                                                                                                                                                                                   
   Wet tissues, g        399.3             390.7     400.8            512.5     543.8     529.2     646.3     617.5     638.2     806.9     715.0     741.5     779.7     791.4     749.8     35.25    0.67     \<0.01   \<0.01   0.86
   Wet pool size, g      2,444.3           2,451.0   2,326.7          3,393.9   3,478.7   3,411.6   4,157.3   3,582.2   4,348.6   4,654.3   4,007.9   4,402.1   4,591.9   4,053.7   4,527.2   258.76   0.10     \<0.01   \<0.01   0.61
   DM, % wet pool size   16.0              13.6      14.8             14.7      13.7      13.7      14.2      15.0      14.4      16.6      14.7      16.7      19.0      16.8      16.0      1.74     0.07     0.03     0.01     0.42
   NDF, % DM             49.6              53.6      49.9             48.2      54.2      50.8      50.4      50.3      51.3      50.3      48.1      51.2      46.9      47.8      53.2      4.12     0.09     0.42     0.66     0.09
   iNDF:NDF ratio        0.48              0.52      0.50             0.57      0.52      0.54      0.60      0.58      0.54      0.61      0.54      0.53      0.51      0.48      0.51      0.098    0.20     0.81     \<0.01   0.12
   MRT~iNDF~, h          35.44             45.79     34.05            47.41     38.87     40.94     40.60     37.39     35.02     44.76     40.49     41.93     44.85     45.33     46.02     4.48     0.56     0.11     0.42     0.66
   MRT~Cr~, h            5.04              2.81      4.39             5.10      4.55      4.97      6.52      7.22      5.34      8.52      5.57      6.25      9.81      8.58      6.75      0.78     \<0.01   \<0.01   0.79     0.08
   MRT~iNDF~/MRT~Cr~     6.51b             17.56a    6.75b            6.70      7.01      8.47      6.18      5.41      6.07      6.11      6.17      6.66      5.22      5.44      6.69      1.20     --       --       --       \<0.01
                                                                                                                                                                                                       C        0.41     0.64     --
                                                                                                                                                                                                       F        \<0.01   \<0.01   --
                                                                                                                                                                                                       I        0.61     0.96     --
  Omasum                                                                                                                                                                                                                          
   Wet tissues, g        39.3              41.5      41.2             67.0      49.8      62.4      88.8      81.9      89.1      103.1     93.0      98.8      109.1     107.9     104.7     5.88     0.20     \<0.01   \<0.01   0.87
   Wet pool size, g      39.3              37.7      47.1             92.8      52.4      94.4      136.1     117.1     133.8     176.7     146.1     166.2     141.7     162.3     176.1     20.50    0.17     \<0.01   \<0.01   0.80
   DM, % wet pool size   25.7              23.8      26.6             22.6      22.5      25.9      23.9      23.7      23.6      26.2      23.3      23.0      24.9      23.8      25.1      1.45     0.26     0.71     0.15     0.67
   NDF, % DM             43.8              48.1      42.9             48.8      52.6      43.8      41.9      40.6      47.9      34.7      40.3      37.3      38.2      40.7      39.8      3.44     0.38     0.66     0.73     0.44
   MRT~Cr~, h            0.12              0.07      0.12             0.18      0.11      0.15      0.20      0.25      0.18      0.26      0.33      0.20      0.42      0.16      0.33      0.0540   0.30     \<0.01   0.79     0.34
  Abomasum                                                                                                                                                                                                                        
   Wet tissues, g        124.3             124.6     120.6            145.6     135.3     150.2     168.4     144.0     160.6     243.3a    187.9b    183b      187.0     195.1     181.5     29.96    --       --       --       \<0.01
                                                                                                                                                                                                       C        \<0.01   \<0.01   --
                                                                                                                                                                                                       F        \<0.01   0.39     --
                                                                                                                                                                                                       I        \<0.01   0.08     --
   Wet pool size, g      474.1             459.1     433.7            537.9     477.0     486.3     568.0     375.5     416.2     830.6     525.0     442.0     405.8     298.8     377.9     120.24   \<0.01   0.61     \<0.01   0.07
   DM, % wet pool size   14.5              13.7      14.4             12.2      11.1      9.9       11.5      12.9      10.6      16.7      12.9      11.6      16.9      12.6      14.8      1.25     --       --       --       0.04
                                                                                                                                                                                                       C        0.03     \<0.01   --
                                                                                                                                                                                                       F        0.94     0.52     --
                                                                                                                                                                                                       I        0.54     \<0.01   --
   NDF, % DM             30.7              35.2      34.4             42.7      44.9      43.4      37.2      37.3      45.4      33.5      38.7      37.8      34.1      40.5      39.2      5.15     0.03     0.86     0.01     0.63
   MRT~Cr~, h            0.67              0.59      0.67             0.73      0.72      0.49      0.62      0.48      0.43      0.74      0.23      0.34      0.55      0.28      0.36      0.130    \<0.01   0.02     0.94     0.15

a, b: Means in the same row with different superscripts are different according to Tukey's test within of BW (*P ≤ *0.05).

^*a*^Main effects and interaction sex × BW (Sex × BW). BW~L~ = linear effect of BW; BW~Q = ~quadratic effect of BW.

^*b*^Females and intact males presented similar reticulorumen MRT~Cr~ (5.6 h; *P* = 0.92) and they presented higher reticulorumen MRT~Cr~ than castrated males (7.0; *P* ≤ 0.04). Castrated males had greater abomasum wet pool size and MRT~Cr~ than females and intact males at all evaluated BW (563 g vs. 427 and 431 g, and 0.66 vs. 0.46 and 0.46 h, respectively; *P* \< 0.01). Females and intact males had similar abomasum wet pool size and MRT~Cr~ (429 g, and 0.46 h, respectively; *P* ≥ 0.99). Intact males had greater abomasum NDF content than castrated males (40.0% vs. 35.6% DM; *P* = 0.04). Females had similar abomasum NDF content than males (39.3% vs. 37.8% DM; *P* ≥ 0.10).

^*c*^When the interaction between sex and BW was significant the effect of BW was evaluated within each sex.

![Sex did not affect wet tissues, wet pool size, DM, and NDF contents of reticulorumen (RR), and the ratio between DM intake and reticulorumen wet pool size (DM intake:RR wet pool size ratio) (*P* ≥ 0.07). Females and intact males presented similar reticulorumen digesta mean retention time (MRT) of solutes (MRT~Cr~)". (5.6 h; *P* = 0.92) and they presented greater reticulorumen MRT~Cr~ than castrated males (7.0; *P* ≤ 0.04). The ratio between DM intake and reticulorumen wet tissues (DM intake:RR wet tissues ratio) was greater for males than females (*P* ≤ 0.04), and it was similar between males (*P* = 0.95). Body weight quadratically affected reticulorumen wet tissues and wet pool size (*P* \< 0.01). Body weight linearly affected reticulorumen MRT~Cr~ and the DM intake:RR wet tissues ratio (*P* ≤ 0.05). Body weight did not affect reticulorumen MRT~iNDF~ and the DM intake:RR wet pool size ratio (*P* ≥ 0.11). The symbol ○ and dashed line represent castrated males, ⁎ and dotted line represent females, □ and solid line represent intact males, + and dash-dotted line represent females and intact males mean, ♦ and dash-short-dashed line represent males mean, and ▲ and solid line represent all sexes mean.](txaa028f0003){#F3}

Sex did not affect reticulorumen iNDF:NDF ratio and MRT~iNDF~ ([Figure 3](#F3){ref-type="fig"}) and omasum MRT~Cr~ (*P* ≥ 0.30; [Table 3](#T3){ref-type="table"}). However, females and intact males presented similar reticulorumen MRT~Cr~ (5.6 h; *P* = 0.92) and they presented lower reticulorumen MRT~Cr~ than castrated males (7.0; *P* ≤ 0.04; [Table 3](#T3){ref-type="table"}; [Figure 3](#F3){ref-type="fig"}). The reticulorumen iNDF:NDF ratio increased from 15 to 30 kg BW and then decreased from 30 to 45 kg BW (*P* \< 0.01; [Table 3](#T3){ref-type="table"}). BW did not affect reticulorumen MRT~iNDF~ (*P* ≥ 0.11; [Table 3](#T3){ref-type="table"}; [Figure 3](#F3){ref-type="fig"}). However, reticulorumen and omasum MRT~Cr~ increased linearly as BW increased (*P* \< 0.01; [Table 3](#T3){ref-type="table"}; [Figure 3](#F3){ref-type="fig"}). Reticulorumen selectivity factor of particles:solutes in females decreased at a decreasing rate as BW increased (*P* \< 0.01) and remained similar in males as BW increased (*P* ≥ 0.41; [Table 3](#T3){ref-type="table"}).

Even though castrated males demonstrated greater abomasum wet tissues than females and intact males only at 37 kg BW (*P* \< 0.01 for interaction sex and BW; [Table 3](#T3){ref-type="table"}), castrated males had greater abomasum wet pool size (563 g) and MRT~Cr~ (0.66 h) than females and intact males at all evaluated BW (*P* \< 0.01; [Table 3](#T3){ref-type="table"}). Females and intact males had similar abomasum wet pool size and MRT~Cr~ (429 g and 0.46 h, respectively; *P* ≥ 0.99; [Table 3](#T3){ref-type="table"}). Regardless the interaction between sex and BW, abomasum wet tissues increased as BW increased, for all sexes (*P* \< 0.01); different from abomasum wet pool size that did not present clear pattern with the increase of BW. Abomasum MRT~Cr~ decreased linearly as BW increased (*P* = 0.02; [Table 3](#T3){ref-type="table"}).

Small intestine wet tissues were greater for castrated males than females (681 vs. 599 g; *P* ≤ 0.04; [Table 4](#T4){ref-type="table"}). Small intestine wet tissues were similar between castrated males and intact males (668 g) and between females and intact males (627 g; *P* ≥ 0.09). On the other hand, small intestine wet pool size, DM content, and MRT~Cr~ were not affected by sex (*P* ≥ 0.69). Small intestine wet tissues and wet pool size increased at a decreasing rate as BW increased (*P* \< 0.01) and small intestine DM content and MRT~Cr~ remained similar as BW increased (*P* ≥ 0.12; [Table 4](#T4){ref-type="table"}). Moreover, small intestine NDF content decreased linearly as BW increased for males (*P* ≤ 0.04) and remained similar as BW increased for females (*P* ≥ 0.06; [Table 4](#T4){ref-type="table"}). Females had lower small intestine NDF content than intact males at 15 kg BW (*P* \< 0.01; [Table 4](#T4){ref-type="table"}). Castrated males and intact males had similar small intestine NDF content for all evaluated BW (*P* ≥ 0.77; [Table 4](#T4){ref-type="table"}).

###### 

Wet tissues, pool size (wet digesta and composition), and digesta mean retention time (MRT) of indigestible NDF (iNDF) (MRT~iNDF~) and MRT of Cr (MRT~Cr~) of intestine segments and total GIT of castrated males (C), females (F), and intact males (I) Saanen goats slaughtered at five different BW

                         BW (kg) and sex             *P*-value^*a*^                                                                                                                                                               
  ---------------------- ----------------- --------- ---------------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- -------- -------- -------- -------- ------
  Small intestine                                                                                                                                                                                                                 
   Wet tissues, g        533.4             467.4     463.2            707.9     629.7     618.8     731.5     665.8     696.5     772.8     605.6     773.7     661.0     626.1     721.5     67.66    0.01     \<0.01   \<0.01   0.40
   Wet pool size, g      280.2             291.4     336.3            333.0     320.1     332.2     449.2     372.9     470.0     503.0     704.0     499.4     462.3     391.0     499.7     61.33    0.78     0.01     0.01     0.09
   DM, % wet pool size   9.9               9.5       10.1             8.8       9.7       9.5       9.3       9.8       9.0       10.2      9.3       9.8       10.8      10.2      9.2       0.61     0.74     0.67     0.12     0.49
   NDF, % DM             27.5ab            20.5b     29.8a            21.5      23.8      23.6      22.0      22.8      24.9      20.9      20.9      20.4      21.8      18.1      16.5      1.81     --       --       --       0.02
                                                                                                                                                                                                       C        0.04     0.07     --
                                                                                                                                                                                                       F        0.21     0.06     --
                                                                                                                                                                                                       I        \<0.01   0.85     --
   MRT~Cr~, h            1.3               1.2       1.1              1.0       1.0       1.1       1.3       1.0       1.4       1.0       1.0       0.9       1.1       1.2       1.1       0.19     0.69     0.80     0.49     0.76
  Cecum                                                                                                                                                                                                                           
   Wet tissues, g        24.2              27.0      25.8             33.2      35.1      34.1      34.4      36.5      37.5      47.6      36.5      40.4      39.9      45.9      48.2      2.63     0.71     \<0.01   0.18     0.10
   Wet pool size, g      98.6              144.0     121.1            179.6     137.2     108.1     174.3     168.5     167.0     217.0     199.8     197.2     223.9     245.8     268.6     25.75    0.87     0.01     0.34     0.29
   DM, % wet pool size   15.1              13.1      14.9             12.9      13.2      13.3      13.5      13.2      12.6      12.9      14.6      15.2      13.9      13.3      14.5      0.79     0.25     0.93     0.03     0.10
   NDF, % DM             45.7              42.6      44.8             44.1      44.7      45.3      45.3      42.8      45.2      35.7      41.1      39.7      40.1      43.0      39.1      2.44     0.71     0.01     0.61     0.09
   iNDF:NDF ratio        0.57              0.54      0.55             0.65      0.59      0.58      0.67      0.66      0.62      0.74      0.58      0.66      0.60      0.64      0.68      0.047    0.32     0.01     0.09     0.63
   MRT~iNDF~, h          1.3               2.2       1.8              2.4       1.4       1.3       1.7       1.4       1.2       1.7       1.9       1.6       1.6       2.6       2.4       0.33     0.54     0.67     0.02     0.06
   MRT~Cr~, h            1.3               1.5       1.6              1.7       1.4       0.9       1.2       1.6       1.2       1.2       2.2       1.5       1.2       2.3       1.9       0.40     --       --       --       0.02
                                                                                                                                                                                                       C        0.42     0.92     --
                                                                                                                                                                                                       F        0.02     0.35     --
                                                                                                                                                                                                       I        0.16     0.01     --
  Colon--rectum                                                                                                                                                                                                                   
   Wet tissues, g        204.9             234.0     215.6            313.3     284.4     304.8     330.2     345.2     331.4     478.9     313.4     415.9     414.5     351.8     406.6     29.72    0.08     0.56     0.01     0.12
   Wet pool size, g      231.0             276.1     253.8            416.7     315.7     437.3     467.4     444.6     470.3     539.6     564.0     552.5     534.6     529.9     545.0     61.92    0.76     0.02     0.01     0.94
   DM, % wet pool size   19.6              19.0      21.7             16.8      17.4      18.7      21.8      21.4      18.0      22.2      27.1      21.9      22.2      25.0      25.3      1.37     --       --       --       0.04
                                                                                                                                                                                                       C        0.01     0.95     --
                                                                                                                                                                                                       F        \<0.01   0.97     --
                                                                                                                                                                                                       I        0.02     \<0.01   --
   NDF, % DM             45.3              43.7      45.5             46.3      44.2      44.9      45.7      43.3      47.7      42.3      43.8      43.3      44.2      42.2      40.0      4.89     0.48     0.22     0.16     0.61
   iNDF:NDF ratio        0.57              0.60      0.53             0.65      0.59      0.68      0.63      0.66      0.62      0.61      0.70      0.81      0.65      0.64      0.59      0.041    0.69     0.04     \<0.01   0.08
   MRT~iNDF~, h          5.3               8.4       6.3              8.8       4.5       9.7       7.2       7.3       6.3       4.4       10.2      6.5       7.0       8.7       7.0       1.21     --       --       --       0.01
                                                                                                                                                                                                       C        0.82     0.55     --
                                                                                                                                                                                                       F        0.11     0.33     --
                                                                                                                                                                                                       I        0.62     0.70     --
   MRT~Cr,~ h            5.4               5.4       5.1              6.0       4.5       5.3       6.4       6.9       4.9       6.1       7.6       3.9       7.0       7.4       4.5       1.49     \<0.01   0.33     0.95     0.22
  Total GIT                                                                                                                                                                                                                       
   Wet tissues, g        1,344.7           1,304.4   1,286.4          1,798.7   1,697.3   1,718.9   2,006.0   1,887.7   1,962.9   2,430.1   1,932.2   2,235.2   2,171.8   2,099.0   2,205.1   92.40    0.02     \<0.01   \<0.01   0.47
   Wet pool size, g      3,510.7           3,602.3   3,462.0          4,897.1   4,724.2   4,813.1   5,933.3   5,070.2   5,977.5   6,978.0   6,203.6   6,316.3   6,271.5   5,738.5   6,451.3   326.70   0.09     \<0.01   \<0.01   0.61
   DM, % wet pool size   15.6              13.6      14.9             14.2      13.3      13.7      14.5      14.9      13.8      17.0      15.7      16.5      18.8      17.0      16.3      1.45     0.06     \<0.01   \<0.01   0.62
   NDF, % DM             45.6              47.4      46.3             46.1      50.5      45.8      47.5      46.7      48.7      44.5      43.1      47.1      44.9      44.8      47.1      3.83     0.35     0.41     0.29     0.21
   MRT~Cr~^*d*^, h       14.3              14.4      14.8             17.3      12.6      13.2      17.7      17.0      14.9      16.6      15.4      12.1      18.1      13.6      14.1      3.09     \<0.01   0.69     0.45     0.47

a, b: Means in the same row with different superscripts are different according to Tukey's test within of BW (*P* ≤ 0.05).

^*a*^Main effects and interaction sex × BW (Sex × BW). BW~L~ = linear effect of BW; BW~Q = ~quadratic effect of BW.

^*b*^Small intestine wet tissues were greater for castrated males than females (681 vs. 599 g; *P* ≤ 0.04). Small intestine wet tissues were similar between castrated males and intact males (668 g) and between females and intact males (627 g; *P* ≥ 0.09). Colon--rectum MRT~Cr~ was lower for intact males than females and castrated males (4.76 vs. 6.37 and 6.17 h; *P* ≤ 0.02). Females and castrated males had similar colon--rectum MRT~Cr~ (*P* = 0.91). Total GIT wet tissues were greater for castrated males than females (1,950 vs. 1,784 g; *P* = 0.01). Total GIT wet tissues were similar between females and intact males (1,833 g; *P* = 0.24) and between castrated males and intact males (1,916 g; *P* = 0.47). Total GIT MRT~Cr~ was similar between castrated males and females (15.7 h; *P* = 0.11) and between females and intact males (14.2 h; *P* = 0.76).

^*c*^When the interaction between sex and BW was significant the effect of BW was evaluated within each sex.

^*d*^Total GIT MRT~Cr~= Sum of MRT~Cr~ of reticulorumen, omasum, abomasum, small intestine, cecum, and colon--rectum tissues.

Sex did not affect the variables evaluated in cecum (*P* ≥ 0.17; [Table 4](#T4){ref-type="table"}). Cecum wet tissues, wet pool size, NDF content, and iNDF:NDF ratio increased linearly as BW increased (*P* ≤ 0.01; [Table 4](#T4){ref-type="table"}). Cecum MRT~iNDF~ increased at an increasing rate as BW increased (*P* = 0.02). Cecum MRT~Cr~ increased linearly as BW increased for females (*P* = 0.02) and increased at an increasing rate as BW increased for intact males (*P* = 0.01). Cecum MRT~Cr~ remained similar as BW increased for castrated males (*P* ≥ 0.42; [Table 4](#T4){ref-type="table"}).

In the colon--rectum, sex only affected MRT~Cr~ (*P* \< 0.01; [Table 4](#T4){ref-type="table"}). The lowest colon--rectum MRT~Cr~ was observed for intact males (4.76 h; *P* ≤ 0.02). Females and castrated males had similar colon--rectum MRT~Cr~ (*P* = 0.91; [Table 4](#T4){ref-type="table"}). Colon--rectum wet tissues, wet pool size, and iNDF:NDF ratio increased at a decreasing rate as BW increased (*P* ≤ 0.01; [Table 4](#T4){ref-type="table"}). Colon--rectum DM content increased linearly as BW increased in castrated males and females (*P* ≤ 0.01) and increased at an increasing rate as BW increased in intact males (*P* \< 0.01). Colon--rectum MRT~iNDF~ and MRT~Cr~ were not affected by BW growth (*P* ≥ 0.11; [Table 4](#T4){ref-type="table"}).

Total GIT wet tissues were greater for castrated males than females (1,950 vs. 1,784 g; *P* = 0.01; [Table 4](#T4){ref-type="table"}; [Figure 4](#F4){ref-type="fig"}). Total GIT wet tissues were similar between females and intact males (1,833 g; *P* = 0.24) and between castrated males and intact males (1,916 g; *P* = 0.47; [Table 4](#T4){ref-type="table"}; [Figure 4](#F4){ref-type="fig"}). Total GIT MRT~Cr~ was similar between castrated males and females (15.7 h; *P* = 0.11) and between females and intact males (14.2 h; *P* = 0.76). Sex and BW did not affect the ratio between DM intake and total GIT wet tissues (DM intake:Total GIT wet tissues ratio) and the ratio between DM intake and total GIT wet pool size (DM intake:Total GIT wet pool size ratio) (*P* ≥ 0.30; [Figure 4](#F4){ref-type="fig"}). Total GIT wet tissues and wet pool size increased at a decreasing rate as BW increased (*P* \< 0.01). Total GIT DM content increased at an increasing rate as BW increased (*P* \< 0.01). Total GIT MRT~Cr~ was greater to castrated males than intact males (16.8 vs. 13.8 h; *P* \< 0.01; [Table 4](#T4){ref-type="table"}). Total GIT MRT~Cr~ was not affected by BW (*P* ≥ 0.45; [Table 4](#T4){ref-type="table"}).

![Total Gastrointestinal tract (GIT) wet tissues were greater for castrated males than females (1,950 vs. 1,784 g; *P* = 0.01). Total GIT wet tissues were similar between females and intact males (1,833 g; *P* = 0.24) and between castrated males and intact males (1,916 g; *P* = 0.47). Total GIT digesta mean retention time (MRT) of solutes (MRT~Cr~) was similar between castrated males and females (15.7 h; *P* = 0.11) and between females and intact males (14.2 h; *P* = 0.76). Total GIT MRT~Cr~ was greater to castrated males than intact males (16.8 vs. 13.8 h; *P* \< 0.01). Sex and body weight did not affect the ratio between DM intake and total GIT wet tissues (DM intake:Total GIT wet tissues ratio) and the ratio between DM intake and total GIT wet pool size (DM intake:Total GIT wet pool size ratio) (*P* ≥ 0.30). body weight quadratically affected total GIT wet tissues and wet pool size (*P* \< 0.01). body weight did not affect total GIT MRT~Cr~ (*P* ≥ 0.45). The symbol ○ and dashed line represent castrated males, \* and dotted line represent females, □ and solid line represent intact males. The symbol ▲ and solid line represents all sexes mean.](txaa028f0004){#F4}

DISCUSSION {#s7}
==========

Sex Effect on MRT {#s8}
-----------------

The effect of sex on MRT~iNDF~ and MRT~Cr~ in total GIT and GIT segments was tested in goats. Sex did not affect MRT~iNDF~ in any GIT segments. However, sex affected MRT~Cr~ in reticulorumen, abomasum, and total GIT.

Previous study indicated that MRT can be modulated by feed intake and GIT capacity, in which whether intake increases and GIT capacity remains constant MRT decreases, or whether GIT capacity increases and intake remains constant MRT increases ([@CIT0010]). Our similar results on reticulorumen MRT~iNDF~ between sexes do not fully support this, since castrated males showed greater DM intake than females and similar reticulorumen capacity, thus one would expect a lower reticulorumen MRT~iNDF~ in castrated males. On the other hand, the DM intake:RR wet pool size ratio was similar among sexes, that agrees with the absence of effect of sex on reticulorumen MRT~iNDF~. Our findings indicate that MRT~iNDF~ is modulated by intake and capacity ([@CIT0010]). Composition of ingested diet was not consistently different among sex in our study, differences between sexes were observed only at 15 and 45 kg BW. Thus, this suggests composition of ingested diet may have contributed to the absence effect of sex on reticulorumen MRT~iNDF~.

Females and intact males had similar reticulorumen MRT~Cr~ and lower than castrated males. Therefore, the assumption made by [@CIT0010] also does not fully support that reticulorumen MRT~Cr~ is modulated by intake and capacity. This demonstrates that other factors are affecting reticulorumen MRT~Cr~. Saliva secretion has been shown negatively related to reticulorumen MRT~Cr~ ([@CIT0044]). [@CIT0024], [@CIT0025]) found that females Nubian ibexes (*Capra ibex nubiana*) had lower reticulorumen MRT~Cr~ than males, because females were around 50% lesser efficient chewers than males, and chewing stimulates saliva secretion. On the other hand, we do not think that chewing efficiency in females was the unique reason for the differences on reticulorumen MRT~Cr~ among sexes in our study. Our goats had the opportunity of diet searching and they were fed with diet that did not challenge the goats for having high chewing investment. Thus, sex effect on reticulorumen MRT~Cr~ is not clearly understood and must be further investigated with diets with high fiber content, that would require great chewing investment, and with feeding levels that would not allow diet searching.

Omasum is one of the GTI segments responsible by reducing digesta moisture ([@CIT0027]). The greatest MRT~Cr~ observed in reticulorumen of castrated males was not observed in omasum MRT~Cr~, that would indicate that omasum fulfilled its function on reducing digesta moisture. Abomasum also demonstrated greater MRT~Cr~ for castrated males than females and intact males; however, in this case, it must be related to greater abomasum capacity in castrated males. Moreover, small intestine was not affected by great MRT~Cr~ in the abomasum of castrated males, as demonstrated by the absence effect of sex on small intestine wet pool size and MRT~Cr~. On the other hand, even though sex did not affect cecum capacity and MRT~Cr~, castrated males and females had great MRT~Cr~ in colon--rectum than intact males. Thus, our data did not show a clear pattern on the effect of sex on wet tissues, wet pool size, and MRT~Cr~ of GTI segments, and further studies may have to elucidate how sex would affect MRT in GTI segments.

As observed in the GTI sections, total GIT MRT~Cr~ was also different among sexes. This does not fully agree with the assumption that GIT MRTCr is modulated by feed intake and GIT capacity, because sex did not affect DM intake:Total GIT wet tissues ratio and DM intake:Total GIT wet pool size ratio. On the other hand, total GIT represents the sum of all GIT sections, and the differences among GIT segments have to be considered. The greater castrated males MRT~Cr~ in reticulorumen, abomasum, and colon--rectum than intact males were also observed in total GIT. However, females, that presented lower MRT~Cr~ in reticulorumen and abomasum than castrated males, presented total GIT MRT~Cr~ similar to castrated males. This similarity between females and castrated males total GIT MRT~Cr~ was also observed in colon--rectum, that is associated with water absorption ([@CIT0012]). This suggests females had greater water absorption in colon--rectum section even though the absence effect of sex on colon--rectum wet tissues. Therefore, our results suggest females may have naturally greater water absorption capacity in colon--rectum than males as a mechanism to compensate great chewing investment and saliva secretion and low MRT~Cr~ and consequently avoid great fecal water losses ([@CIT0024], [@CIT0025]). Moreover, our results also suggest that differences of sex on water absorption among GIT segments affect total GIT MRT~Cr~.

BW Effect on MRT {#s9}
----------------

The effect of BW on MRT~iNDF~ and MRT~Cr~ in total GIT and GIT segments was tested in goats. BW affected only cecum MRT~iNDF~. However, BW affected MRT~Cr~ in reticulorumen, omasum, abomasum, and cecum of females and intact males.

Reticulorumen wet tissues and wet pool size increased similar to DM intake as BW increased (i.e., increased at a decreasing rate). On the other hand, the DM intake:RR wet pool size ratio was not affected by BW, while the DM intake:RR wet tissues ratio was great in goats slaughtered at 15 kg BW and linearly decreased as BW increased. This demonstrates the distention capacity of reticulorumen ([@CIT0012]) and supports the assumptions that MRTiNDF is modulated by intake and capacity ([@CIT0010]). Moreover, the reticulorumen MRT of particles has been related to the composition of ingested diet ([@CIT0045]). Composition of ingested diet affects changes on functional specific gravity of particles (FSH) ([@CIT0045]) because of its relationship to rate of fermentation and hydration of the particles ([@CIT0028]). However, our results do not support this, because BW affected the composition of ingested diet.

Additionally, reticulorumen MRT~Cr~ was lower at young goats (i.e., 15 kg BW), and linearly increased as BW increased. This indicates that other factors than intake and capacity ([@CIT0010]) must also be considered on reticulorumen MRT of solutes. Reticulorumen MRT of solutes has been positively related to frequency and duration of reticulo-omasal orifice opening and the amount of solutes in the reticulorumen, that comes mainly from water intake and saliva secretion ([@CIT0044]). Water intake was not recorded in the studies of [@CIT0034], [@CIT0035]) and [@CIT0046]. However, our results demonstrated that young goats, slaughtered at 15 kg BW, had low DM content in reticulorumen and it increased at an increasing rate as BW increased. Thus, this suggests great input of water in the reticulorumen of young goats that would come from saliva secretion ([@CIT0044]). The major factor for secretory responses of salivary glands is chewing movements ([@CIT0051]), that is positively related to feed intake level ([@CIT0019]; [@CIT0023]) and negatively related to BW (i.e., young ruminants are lesser efficient chewers than old ruminants, spending more time chewing per kilogram of ingested diet; [@CIT0006]; [@CIT0021], [@CIT0022]). Moreover, frequency and duration of reticulo-omasal orifice opening depend on duration, amplitude, and frequency of primary reticular contractions, that extremally depends on intake level ([@CIT0039]; [@CIT0044]). Our results demonstrated intake level (DM and L) was great at young goats, slaughtered at 15 kg BW, and decreased as BW increased. Thus, our results suggest, reticulorumen MRT of solutes is linearly and positively related to BW growth because frequency and duration of reticulo-omasal orifice opening and saliva secretion probably were great in young goats and decreased with aging.

Reticulorumen and omasum are related segments and it was very evident in our results. Wet tissues and wet pool size of reticulorumen and omasum increased similarly as BW increase. However, different than that observed for reticulorumen, BW did not affect omasum DM content. Water absorption is the main function of omasum ([@CIT0027]). Thus, this demonstrated omasum absorbed solutes from the digesta that escape from reticulorumen. The omasum absorption in our study was around 12%, smaller than the absorption found by [@CIT0027], that was around 18%. On the other hand, omasum MRT~Cr~ linearly increased as BW increased. Thus, even though omasum reduced the moisture content of digesta that escape from reticulorumen, the low MRT~Cr~ observed in reticulorumen of young goats and increase as BW increased was also observed in omasum and abomasum. Additionally, in the past omasum was not accounted in total NDF digestibility ([@CIT0027]); however, more recent studies have suggested that the omasum plays a role on fiber digestion, that may contribute to around 7% of total NDF digestibility in dairy cows ([@CIT0002], [@CIT0001]). Our results demonstrated that NDF content decreased around 19% from reticulorumen to omasum. Thus, this may indicate NDF digestion in the omasum of growing goats.

Abomasum is one of the first GIT segment to reach the maximum growth rate, that is around 15 days of life in goats ([@CIT0005]). This happens because abomasum is responsible by enzymatic digestion during the suckling phase. Its importance in feed digestion begins to decrease at the weaning phase, that started for our goats when they were around 2 months old. According to [@CIT0005], after goats start the transition period and eat solid feed diet more effectively they become functional ruminants in 15 days, that is the period to reticulorumen reaches the maximum growth rate. Our goats started at the experiment when they were around 3 months old, 30 days after the beginning of solid feed diet, and 15 days after they become functional ruminants. The abomasum wet tissues are able to distend in young ruminants and the abomasum capacity may increase without changes on wet tissues size ([@CIT0042]). However, the abomasum distention ability decreases with aging by the increase on tissues thickness ([@CIT0042]). Our results demonstrated young goats may had great digesta content in abomasum even though they did not have great wet tissues. The abomasum distention ability and great abomasum wet pool size in young goats and decrease as BW increase led to great abomasum MRT~Cr~ at 15 kg BW and linear decrease as BW increased even though omasum MRT~Cr~ was low at 15 kg BW and linearly decreased as BW increased. Thus, we suggest abomasum of young is able to distend to avoid the influence of omasum MRT~Cr~ on abomasum MRT~Cr~.

Small intestine, similar to abomasum, has early development in goats, and it reaches the maximum growth rate when goats are around 15 days old ([@CIT0005]). The early development of small intestine is mainly explained by its function of enzymatic digestions, that is basically the main site for nutrient digestion during the suckling phase. Thus, because our goats were early waned, they started the experiment when their small intestine growth rate was decreasing, as demonstrated by the non-linear relationship between small intestines wet tissues and BW.

Small intestine is considered tubular segment and its flow has been considered laminar ([@CIT0015]; [@CIT0017]). However, based on iNDF:NDF ratio in small intestine, studies have questioned the general assumption of laminar flow in small intestine ([@CIT0029]). Our results demonstrated BW did not affect small intestine MRT~Cr~ even though abomasum MRT~Cr~ was greater in young goats (i.e., at 15 kg BW) and decreased as BW increased. The differences on MRT~Cr~ between abomasum and small intestine were possible because small intestine wet pool size increased as BW increased, indicating increase on digestion retention as BW increased and supporting the hypothesis that small intestine may not have laminar flow.

Additionally, small intestine MRT of solutes and particles have been demonstrated similar ([@CIT0034], [@CIT0035]). Thus, due to the absence of BW on small intestine MRT~Cr~, we suggest BW did not affect small intestine MRT~iNDF~. Based on that and the similarity on the increase of cecum and small intestine wet pool size as BW increased, the absence of effect of BW on cecum MRT~iNDF~ would be expected. However, cecum MRT~iNDF~ increased as BW increased. MRT of particles is positively related to NDF digestibility ([@CIT0004]), and cecum is known by digesting fiber. The iNDF:NDF ratio in cecum increased as BW increased while reticulorumen iNDF:NDF ratio did not. This suggests fiber digestion in the segments between reticulorumen and cecum increased a BW increased, and it would be related to the increase on MRT~iNDF~ as BW increased, as demonstrated in cecum. Thus, even though BW did not affect small intestine MRT~Cr~, the results of MRT~iNDF~ and iNDF:NDF ratio in cecum suggest mixing of digesta and NDF digestion may occurred in small intestine, and small intestine MRT~Cr~ and MRT~iNDF~ were not similar.

Despite cecum MRT increased as BW increased and colon--rectum wet tissues and wet pool size increased as BW increased, BW did not affect colon--rectum MRT~iNDF~ and MRT~Cr~. Colon and rectum, specially distal colon and rectum, are associated with water absorption ([@CIT0012]). Thus, we would expect great colon--rectum DM content in young goats and decrease as BW increased as a way to reduce digesta volume in young goats and keep constant colon--rectum MRT. However, our data demonstrated colon--rectum DM content increased as BW increased, indicating decrease on fecal water losses as BW increased. Thus, our results indicate colon--rectum efficiency on water absorption is low in young goats and increase as BW increased, that demonstrates the importance of ad libitum drinking water, especially for young goats.

Despite BW affected MRT~Cr~ in reticulorumen, omasum, abomasum, and cecum of females and intact males, BW did not affect total GIT MRT~Cr~. DM intake, total GIT wet tissues, and wet pool size demonstrated similar growth as BW increased. This was also demonstrated by the absence effect of BW on the DM intake:Total GIT wet tissues ratio and the DM intake:Total GIT wet pool size ratio. This demonstrates that despite the differences on GIT segments capacity, compensations on MRTCr occur among the GIT segments. Therefore, in general terms our results support that for total GIT of growing goats the MRT~Cr~ is modulated by feed intake and GIT capacity.

CONCLUSIONS {#s10}
===========

Sex did not affect MRT~iNDF~ in any evaluated GIT segments and affected MRT~Cr~ in reticulorumen, abomasum, and total GIT. However, the mechanism related to sex effect on MRT has to be elucidated. BW was positively related to reticulorumen MRT~Cr~, but it was not related to reticulorumen MRT~iNDF~ and total GIT MRT~Cr~ in growing Saanen goats. Reticulorumen MRT~iNDF~ and total GIT MRT~Cr~ were modulated by intake and capacity of reticulorumen and GIT, respectively. On the other hand, reticulorumen MRT~Cr~ seemed to be regulated by reticulo-omasal orifice opening and saliva secretion.

We thank the São Paulo Research Foundation (FAPESP; Grant 2008/57302-0) and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (Capes - Brazil; Finance code PVE 061/2011) for providing financial support for this project. M.G. received funding from National Council for Scientific and Technological Development (CNPq - Brazil; Scholarship 141615/2017-6).

*Conflict of interest statement*. None declared.
